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ACCUMULATION AND EXCRETION OF CI** DDT IN MALLARD
AND LESSER SCAUP DUCKS'

DANIEL L, DINDAL, DY Cooperative Wildlife Research Unit, Columbuy!

Abstraet:  ‘The lpestion, metabolism, storage, and esesetion of sadjo-dalwled chlodue-36 1T b witd
wallared ducks {(Anay plavahynchos) and lesser seaup duchs (Aythye affinly) was Investivsted dudng 1961
and 1063, A shile application of botope-labieled pestiefde was made to a d-acre marsh al e mie of
0.2 /A Tu 1964 A total of 112 ducke was subzeguently ntieduced 1o the tieated wnit and collecled
after virlons espiowire perdods, Twenty-one Ussues amd onans from each dock were assaved fop DDT
testdues wlng lignid seintillation spectiometry, stechon capture gas-lquid chiromatogrupliy, and thine
Layer chromatogiaphy total of 3,760 exprerimuntal thsue smuples from the 112 ducks amd 830 back-
wrouml sanples from cks wete processed,  Besddares al DIXT were forud ot some Hise in all Hysues
tosted eacept Hhe teste ewer seatipt Lesser seaup Usrobds, spleen, testes, and ovardes contalned no
deteetalide residues dur the secomd sear. The com soande DBE, RRD, and pp-DDT were most
common, but DIE was the predominant metabolite found throsghout e 2-year pertod, DDMU was
recovered Ttom the Biver and Beadn of both species. Metabolite concentrations are given for tsoes
satnpled,  Definite relationships exist between the type of fomd ingested {plant or anfinal) amd DT
tosidues. “Tluls §s rellected fn the higher sedddue levels Ju scoup Ussues, Sone of the bighest resllue
concenteations weee found fu leg Iat {mallard 32.8 ppamg scanp 67.2 ppae) and neek Tt Omalland 8.8
pom), and o the wopygial glasd (mallard 3017 ppo; seaup 30.8 ppmd, and adeenal glaads {mnltaedd
LEd ppm; scaup 183 ppunn ). Dyunames of equllibifum sterage and excretion of DT pesidues were

alw olpersed.

The purpose of this 2.ycar neld study
wiais lo describe details of fnggesan, metab
olism, storage, and exar tion o Jhlorine.30

ting-lubieled DT fn two species of ducks, - -

Restdues of DT were studied in wild-
trapped mallurd and leswa senup ducks
following a single pesticide application.
Pesticide analyses were conducted follow.
Ing different introduction and  exposuse
periods in e treated marsh in order to
fulfill the following ohjcetives:

1. To determine the amount of reside

piesent in contents of the gastrofutes-

tinal tract. : :

2, ‘To identify metabolites found within

speeifie tssues,

3. To determine the lotal mount of
lulseledd DT and its metabolites pres-
enl in organ systems,

-

- Veseatel sponsered by geant from  Palawent
Wildlife Jesenrely Center, Bureau of Sport Fishe
erles and Wikdlife, CSURL 1870, .

2 present addres,:  Stute University College of

- Forestry, Syrcnse, New Yok 13210, .

T : ’
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4. ‘To compare pesticide residue dynune.
ies in mallard e lesser scaup,

My apprecintion s extended 10 1N ).

Peterle Tor the valuable advice mnd super- ™

vision given during the project,

FIELD METHODS

This study was conducted concurrently
with another by Mecks (1908). The re-
search site for both projects was a feneed
tmarsh arew at Winous Point Shootlug Clish

on Sandusky Bay near Port. Clinton, Ohio, -

Application of DDT

Labeled DT was applicd o the “buere

~marshon July 7, 1061, with a helicopter
eeuipped with a rotary’ hopper applicator. *
Altapulgite granules {20735 mesh AA-RVM -

Attaclay) were used -as earrder and npplied

“at the »ue of 100 W/acre. A tolal of 02

Ib/uzre of technien? DIYT was mixed with
3.9 me of labeled DT, dissolved In xylene
aned mixed with the cranules, :

During applicitioa, the helicopter re.
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ACLUMELATIUN AND LINC e o

leased the fonmulation at 3 to & 1t above
the waler, ‘The downdradt fion e totm
forced the granules directly fnto the water
with ne lateral outwash otta adjacent areas,
Alr samples taken on the surrounding dike
indicated no et

Experimental Birds

Witd diel, wsed in the stwly  were
tapped from sites in Ohio, Michigan, wnd
Cwnaclie Mallards and fesser scanp were
selecred as test specles beesuse of their dif-
fering feeding lnbits, The nulbwd con-
stunes maduly vegetation (62.4-90.5 pescent,
Goadman and Fisher 1062:25), Rogers and
Korsehygen { 1966:200-262) repurted 82-90
pereent of the fesser scanps’ et to he wl-
mal mnterial, while Coitam ( 1939:-43-15)
stated that adult seaup conswmne -4l pereent
and juveniles 90 percent animal matter,

Representative samples of the two spe-
clos from all  surees were anlyzed for
background rudintion and  pre-test hudy

burdens of pesticides, Buckground deter-
imitiations were ‘nho made” during vations

times while wing-clipped ducks were de-
tained in holding pens.

Following the pesticide application, 112
will-trapped ducks were jutermittently re-
leased, exposed for varfons time periuds
and coflected from the treated marsh wyea.
[ndividual ducks were fdentilied with pa-
taginl tags following the procedure of An-
derson (1063), Taus of this type provided
a satisfactory marking for o maximum of

G wonths on mallards, but the plastic-fubric

stroanzrs on seaup frayed  considernbly
after 3 months,

Alter the esposure period was completed,
ducks were shot and fwmmediately placed
on dry fce. Specimens were translerred to
a freezer and remained frozen vt dis.
sceted.

Predetermined uniform sample stzes were
not obtained, and thus, 5lutlsliml. analysis

SDIVE IS MALLARD A% SCAULR ¢ Dl 75

iv incomplite, Adverss weather, dense
manh cover, seeretive by oo, nad predas
tion predisposed onr onizoal plan andd up-
crnal sittaples resulted.

LABORATORY METHODS
AND MATERIAS

Chiorine-3&6 DDT

The labieled DT was purchiased fiom
the Nadiochemical Centre,  Amershom,
Juckiughamshire, England. Our shipment -
wis nualyzed ns follows: 85.3 pereent pp'
homer: 110 pereent op’hsomer; aed 4 per
cent unidentified, ‘The lucation of the
chlorine36 was tn the para sl para-primo
cositions on the DT molecule. These
pusitions  have uniyue anaheal  signifi-
cntece sinee the rine stiucture of the mole.
cule is not broken during metubolise,
and  therefore, known DDT metabolites
remained isotape-labeled,  Other valuable
charncteristics of chlorine-36 are the eneegy
(0714 mev) and the hal life of 4t x 1
years. The relatively high energy of the .

llbgiaill('b beta yrarticle asstres mopdelficiet ™

radioussay, and the long half-life provides
a lng which s constant over the ter of
the project. ' T
Numerous metabolites have ' een identi.
fiecd us o result of Wodegrad. wn of DT,
Abbreviations and ehemical nomenclature
(after Hayes 1965) for isomers and metab-
alites found during Wis profect are listed
betow: o o
DDOT 2, 2-bis (pechlorophenyl) 4,1, 10
tri  arocthane AR
PHD (TDE) 2, 2.bis {p-chlorophenyl)
© 701, 1-dichloroethane © 7 -
DDE 2, 2-bis (p-chlorophenyl) 1, 1-dh-
chlorocthylene . -
DPMU 2, 2.bis (p-chloraphenyl) 1.
chloroethylene :

fn this study, 1 considered wny of these
isomers or metabolites *'at were physicadly. -
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Table V. Duck bstves and orgars saerpled and ongtomical site of rample.,

Jonnad of Wildlife Management, Vol 3, No, 1, Junuary 1970

Tiaun un UriiaN

SIrK i Navurin

Tissvy un Uniax

S or Sourek

reast featliers

Heoast shin

Viopyatl glaml

Al feathers witldn a 1 square
fnch from renter of breast.
Chnr sequare Trch af pluched skin
from wldeh leathers wepe ob

talned.

Noth lolws removed Intact come

Ly Ay availabile tie,

Splem. Eutite_ongn,

Kiduey - Bitthee kidsiey homogenlred and -
subampled.

Bruln Cerebral  Lembsphewes,  ople

plete with plumes,

Oue wabie fucli of pectoralis
tiaar o fratm either side of the
sternal heel,

Enthie sentriendar wall,

L ineh lateral cromesection dne
cluding ketatin fnuer linnge,
Entlre otgan after evacuntion

nnd washing,

Brwdenal Jeop alier retmovad of
puncreas amd esacrntfon of
ounlenls,

Intesttue bekween covn wi' - loe
aca  alter  evacuatiog
washih gt

Entite  (orsal, ventral, and
splenle iabes) organ homoyg-
enfeed ond salinnpled,

Lateral  c1os. section through
wideriglt ad Jeft lobes lip-

- wogenied gue subsarapled.

Enthire Dladder dus bite cone-
tafued withie,, ‘

Breast ke

Heatt isely
Glizzand musel
Froventyjeutus
Small {stestine

Lazge intestine
i1 .il

Lineregy

Liver

Gall Wladder

lobws, cerebellum aned inedut-
Ly Lulb homopenized amd
subsampled, C

Litiee orgazy no tissue avalls
“able for ECGC,

Eulire wegang no taswe availe
able [ur ECGC.

Entlee urgan ar :ulmunrln de-
“petading upon seayonal virias
ton In size,

Eulite urgan or subvunple des
pemdiag upon seasonal vatlas
van {n size, .

Collected  whenever  availalle
depending upon seasonal vars
Litiong deposlts sampled From
neck, subeutnmeous of Jog
and breast, pntventrul baly.
mesenterie, heat atnd gizzond
Posteventral body ft I8 lo-
eited in fuscln overlying fne

Adrenal gland
Thyrid glaad

Tostes
Ovarles

tal

~ablique museles, - -

accumulated in thsues or formed by bio.
chemical processes as DDT residoes,

Sample Preparation

- Ducks were transferrzd from e freezer
to u refrigerator (3 C) to thaw, When pos.
sible, 21-tissues {Table 1) were disseeted
from each duck and analyzed by Hquid
seintillation’ spectrometry aad gas-chroma-
tography, . '
sanple of less than 700 myg for scintillation
counting. These subsamples were tien di.
gested n seintillation grade glass vials usng
Hydroxide of Hyamine 10-X after Herberg
(1960) and Rapkin (1961). The scintilla-
tion solution was compmsed of 2,5-diphenyl-
oxazole {I'PO) as the primary scintillator

v o e i —_

F- S -

and n sccomdary seitilimor, {4-bis-2 (.
methyl-5-phenyl-osazole)  beneene  (DI-
methyl POPOP), in spectrograde tolucne
us recommended by Hayes (1963), A trans-
parent solution was formed by emulsificn-
tion with 1-2 ml of Triton x-10X, -

“Another subsample welghing not more

tersal el external atwlaninal

than 7 ¢ was extracted for chromatogeaphy

following the method reported by de Fau-

. oL v \ U 4 . . =LYy er -
I macerated each sample and used a sub. .-bUl Maunder et ul. (1061). ©umelayer

chromatographic  extracts  were  further

cleaned-up by the sullonation pracedure

used by Peterson and Robison (1961). -

These sample weights represented the .
masimum  Himdts  for  satisfactory  tissue

preparation and optimum miachine opera-
tion in this study, - :

R T R L L R |

1
;-

At

e, e i e o o, A ey o L rerr

W S L S,



A

ey

5

e bt e e e e e e e

[

ACCUMULATION AXD EXCtos ur

Routine Radioassay

Al 3,200 tlssue somples were wnalyzed
with a Packard “Uri-Curls Liqquid Scintilla-
tun  Speclrometer (1.85), Model 3003,
equipped with an antontls esterual stan-
durd, The spectrometer freezer wemperans
tire was maintalued b =5 C, Total DD
residues careyingg the Isotope tag conld Jue
assayed but ne distinetion conld be ninde
between the fsomers of DIYE and the me-
taboltes, The tola) mdloassay comt was
converted Inlo ppir ma wetawelght basis,
Nu untagged pesticiae or related compound
within the sumple could be counted with
LSS,

Gas ond Thin Loyor Chrumotography

Electron  eapture  gas  chromatagrap!
(SCGC)Y was ased to assay 560 selected

sumples for quantitative and  qualitative

purposes.  The  urapygial gland, breast
nisele, lver, and bratn were analyzed
rc;,ulnrl\' These tssties were selected be.
~ruuse they were consistently uvailable in
ducks, and Dhecanse thuy represent, to’ n
cerlain eatent, four tesne types that have
been reported most commonly in the lera.

_ ture. In udddition, most of the other tissues
Awere analyzed in 37 birds during the first
e,

I made all injectic . into a Barber Col-

“man  Ons Chromatograph  Series 5,000

uqul];pul with an clectron capture tritium

detector aud a 6-ft glass cobyna, ‘the
“column packing consisted of o support o
Anakrom-ABS (60750 mesh) with the liquid

phase bring 15 percent (by wt) SIS 52,

Alter packing the colummn, it was wndl-'"

tioned with Injections of high econcentra.

tions of technical DDT and metabolites’
(Shuman and Collie 1903) in order to inl.-

tinlly Fill active siles on packing materials,
A -carrier “gas of pre-purified nitrogen
wits used ot a flow rate of 100 ml/min,

DIV s Matatn asp Seave » Dindal 5%

Operationul lempertures weie set as fols
fow  flash buster (mjector) 230 C. cultttnn
"’1 3, and detector 225G,

o fsomers of DT and any mt.t.tlmlhc
llmt Capture electrons conld be distin.
guished However, no distinetion was made
hetween 1« labeled components of DT
undl those not tagped since FCGG regls.
tesed all DT elated compounds from any
source that was present in the sample.

The distinetion  between  the  botope
tagged posticlde metabobite - those not
tagged was made by using sutoradiogiaphs
of thin-layer chremtography (ULC) plates.
Preccoated  Bastman Chromagram®  non-
fluorescence sheets and thindayer appara.
tus-was used for all thin layer chromate-
grams, Jeagents used in dl.\ulupmcnl of
chrommtographs are described by
(1963}, R and Rppp values were used o
identify o)l compounds, Then autoradio.
E,ruph-s of cach thin-dayer plate wsing no-
screen xeray film permitted fdentificalion

of those thin-layer spots containing the
- isotope, Gas chiromategeaphic Hidings were.

confirmed In this way,

RESULTS

Buékground Tissuos

Kovaes -

Any duck or duck tssue that wns mol:

wexposed to the. research arez
background samples,

comprised * -

Ducks used in the sludv were collctlul J

from five different g.,cuglzlphiml areas, uni

1 wide variation in, pusllcldt. background
values was upparent between birds of dif-
ferent collection sites. In this report, the . |
background values which were subteacted =~
from experimental values were always from -

birds of the same grographical sonree “and
liistory, ’ g

I cvaluated a total of 720 non- e\poscd- '
tissues sampled from 14 ducks to detenmine .

the background for radivassay (1.8S). Since

s LR

[
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fob'e 2. Menn DDT revdves {ppml lourd in olimeniory
1o+ of wild duchy tapered for varlaus periods on o 4 ocee
marth treated orte with 0,2 [by DOT par ocre 1784-1965.

Tolar Mitaporines {LCGC)

Cuntings oirg “;m‘:;. " [V M DI papsDDT
Mullanl n=353 .
Glraandl bl ] ™ N ND
Small

intestine LA 7 (I ) 03 T
Larue

intestine 1.1 ) 0.3 ND 0.5
lewer
Scaup ne=AT
Gierand [{}} 4 18 ND D
Sinall

intestine (131] 13 18 0.0 a2
Large

Julestine 0.2 10 12 NI ND

tas o Lhunl sciniiltaton spectrumetny—all metabalite
rraiines,

FCUE == Blection captintn 7ae chnmmstugraphy —sepatate
metabolites,
PPV it detec s,
rwe (O1-0,00 gy,
s 0o ettt

only the maxiun level of radioactivit
in cach tissue was of interest, the one-
faited ¢ distribution was used to caloulate
the confidunce inteevals (' < 001) lor
background values, Coclficients of varin-
tion for 1SS lackground sumples ranged
from 3.24 to 3803 percent for various tis-
sues with no significant differences (1 2
003) hetween species, :
Concentrations of buckground pesticide
residies were ulso determined by ECGC,
Sumples of 140 tissues from 15 ducks were
prepared. In neardy all cuses where rest.
dues v found, DDE was the predomi-
nant metabolite and was therefore used for
valevlation of BECGC residue varinbility
within tissues. The coueflicient of variation
of DDE residues obtained from ECGC
background tissues runged from 4239 to
254,62 percent in mallards and from 30.25

to 163,74 pereent in seaup.

St

ry
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The different geographical wimees of
ducks aceount for some of this v arkadon,
FFor example, the DD values {or the wo-
pyitint gland of xeaup from Biitish Colum.
bia ranged from 058 10 2050 pp, while
vesidue in seaup trapped at Pt Mouillee,
Michigan, mnged from L45 to 10.62 pp,
The DDI concentrations in the vopygial
pland of backgronnd mallards trapped wt
Part Clinton, Delawaee, aimd Clyde, Ohio,
were 0441 to 297 pmn, 0.39 to 7.67 ppm,
ad 0,33 1 073 ppm, respectively.

Constelerioy, nll bickground tssues ex.
asnvdd oy Dird, o salland or seaup was
jonnd (o be free of DT residues.

Ingostion and Excretion

DLt of ingestion ad exeretion of GIY
DL resetues were studied by assay of
contents of the gizzaed and small and large
intestine, No Tood saterinls were in the
aroventsialus Tads in mean sesidues
found in the gastrofntestinal contents over

the 2-year perfud were different between

specles (Table 2). 7
Expeeted differences in food chioiee be-
tween the two wpecies are apparent fram
the ghezard content analysis of 76 birds
able 3). Feeding differences are who
reflected In different residue tsends
Table 2, Whenever the oceurrence of sunils
(Helisoma sp.) in the glzzard exceeded 23
pereent, DIYT restdues v the gizzard were
less than those found In the contents of
~the small jutestine, Gizzard conlent rosi-
dues were greater” when plant materials
formed o high pereentage of the dict. Only
cone exception to this  trend nppears and

that is in mullards during the first year. In-

widJuly, soon after ireatment, wallards
esposed for @ hours contained 80 percent

“snafly 1 thess wiezurd and had residues 14 .

times higher than small intestine contents

(02 ppm). Snails still present in the gl
zard were completely intact, and therefore,

1
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Tauw's 3. Gurard cuttanh (perrent orzuttance) of durht tapsied 1a o 4 dae marth tregted with 6.2 ibs DDU per ot

Matt ann Lonsrn Seasp
N LR ]

Lo Isnisten (Y ALY Poth vean Rl 1u4% Dath yrary
Snalls

{telivoina sp. 8 7.0 o0 i 15.0
Leetle

Colroptem 8 ] K} 23 3.a
Send

Curumiriy s, 7 23 3.1
Tatal anlenal INT 137 0.3 3.4 165 340
Choonitail®

Ceratophptlun sp. T 55 0.5
Duchwend®

Lttt s, ol 14l 185 A7 0.7
Pondwesl>

Potamogeton sp, ann 222 s 1] Tt 171 123
Water Lily*

Npumphues s, (3.3 T4 7.0 a7 1.0
Mlemle®

Schrpmin ap. 12.5 Tl u.3 3.5 1.1 0.7
Smuattweed® -

Palygonim bapthifolinm 5.0 a2 212 2.2 20.6 211

Polyzonum .

penwslearienm s 23 as 1.0

Hone Mallow®

1ihieus palustris a7 S0 a.5
Faluwene* 3.7 3.2
Annninceas® 12.5 11.2 1.6 53 )
Tatul plant e e AT e BB L BT 606 . B2, ... _754

s Yegelathn,
* Sceds,

no snail tissue had advanced Into the inles-
tine. The higher trend of residues n the
small intestine would have possibly held
true had the ducks been allowe? o live
longer,

During the study, DDE was the only
metabolite found in gizzard contents, while
the contents of the small intestine contained
DS, DD, and pP-DOT. ' antents of
the large intestine were DDE wd 4, -
DT, The presence of DD in the small

futestine and absence in large intestine s

dicates absorption. Perhaps all metaholites
are ubsorbed | in’ the  duodenum.  The
changes in the mean DDT residae in the
afimentary tracts (‘Tnble 2) of both species
nlso suggest absorption by this organ.

Melabolism ond Storage of Residues
Radioassay duce from tissues of both

speeles were combined and analyzed re-

gardless of exposure perfods {Tables +f ad
5): Correlition coeffic -nty & Fable 3 show
relationships between wotal D1 eddue

concentrations of 11 tissues, . Signlicant.. . -
-correlaiions ex§st between all tssus residues:
except those assovinted with breast .skin,
Dbreast feathers, ancd thyroids, Similar cor

relations between body and wing tissues
were reported by Dindal and Peterle (166S).

Species varfation in totnl DDT restdues »

(1SS}, DDT metabolites (ECGC), and
trends related to exposure petiads are give n
for al} tissues (Tables 8-11). Total metabo-

lite values from ECGC 1nalysis do not al
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" anoy omolyiis, 183),

" fobfe 4, Total DOT iesidves {ppm) in Fawes of maliard

ond lenier stowp duchn combined dote, 9441945, (Radio-

Eoporwre peiiods 8 hri=-133 doyy.

Tiae Muav & Stanparh nnew

s cam

Urapyfal glands

- Adrennd plands 2.6 0,02
Breast l'o'nllnua 1.55 + 11.32

T Liver 1,35+ 022
freast shin 125 3
Pancreis 1 1
Conads o Wit
Kidney 045 = ull?
T h}mhl whand 41 (.33
“ . Braln 0.41 2 0.08
Hreast mincle 0.28 « 0.03
AVIngs {muscle, bone, skin) 0,51 = 0

Purks w2 )Y, Thwe nz 124,

ways correspontd exactly with total DIYT

T residues - obtained with LSS, This differs

apee s due to the greater variability of
ECGC background versus a relatively low
LSS background varinbility as was ndi
cated by coefficient of varfation.
" Only one experimental thsue, the leslis
of lesser scaup, Wit free of deiectable DT

. restdiie duiing all expostre perias.- tiesis -
_dues were found jn all other tissues al stme

timu duting the study,
Generally, the lowest residues (LSS) in

' .Anli.sum,plts were l'uund the second vear

= 104 Dychy, 59 Mollatds, 45 Lesser Stoup.

50 Joumal of Wildlife Management, Vol 34, Noo L, Jantery 1550

(16965) I duchy inteaduced 113 days alter
application atdd exposed Tor 30 days, Duor.
ing this period the lighest cancentration
i mallards was 061 ppm in the liver
amd the lowest, none detectable, in Docast
feathurs, Lreast sk, gall bladder, lung wnd
ovary, I lesser seaup stroduced -H3 days
after application sud exposed for 7 days,
onfy twa organs contuined any detectuble
reshdues, the breast ssele 043 ppa, and
thee Lruhy 019 ppm,

Sume of the highest residue totals ap-.
peated s the fint 3hday expostre period
in 1961, the yeur ol treatment, ‘The highest
tissue concentration o mallards was 13.873
ppm o neck fut, the secotud highest during
thie first eaposure period was 1631 ppin in
uropyginl glds, and the Jowest in breast
muscle ratging from 009 ta 0.58 ppm. In
fesser seaups, the highest residue coneen-
tration was 07.23 ppm in subculnacons leg
fat, the second highest concentration was
3057 ppm in wropygind gland, and the

Inwest, none detectabile, in the testes, AWith__

the exeeption of the seaup testes, none of
the samples analyzed from mallards nmd
savup’ were lotally free of DT residues
(158} during the first 30 days of exposire,

- Table 5. Cemlohon 1)* of total DOT rriidues in body Gistem of ml'd ducky Qu=bimed data lkadrounor una!ﬂh. t5sh

ol
2 3 . 2
ju N :? - ! i I = . 8.
4 % £ ag ] = z Z o £z
U R A T N T DS T A &
S B =1 fu BA - & c 2 € . G
Brerst feathers Lo,
CThwrokd - - L0600, L L .
Treast skin oL -7 w00 - - - TTTTo o w
Liver - » A0 3 .23 .00 -
Dreast imiscle =073 A7 A1 .60 L00
Panvens L1 81 a1 e 100
Conatls B |1 R % M | B T 03 49100 . C
Traint A8 R A7 A& G735, 80 M ]
* Adrenal .23 T B A2 0 069 BT 00 3T Lo .
Riduey N S SRR N ;1 B B 38 g J0 -1 LW o
Uropygial gland . 15 53 09 3 Lo0 -

BO 8O - B4 82 . 82 B2

o Sixnificance Jevel (P < 0.01) ol r =0.70.
Signilicanco fevel (' < 0.03) of r = 0.20. -
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Accrsiveatoon ash Exom los

DDT oy Mareann aso Leave ¢ Dindal

81

H Toble 4. DDT teridues (meany, ppml In the Vssens of mollure duchs espored 9 o 4 a--  +ih treored with 0.2 b of
ODI per azee, 1264, lAnalssin: to'a) renddues, 185, Metobolvs st ECCE, 1C)
Introduced Days
Alter Application 0 0 0 1} 15 15 30 is ™ wm
B Exponed 4 13 J0 (s I V2] 43 200 10 m »2 15 al
i Duky) { 1 3 | 4 1 i 1 3 l ° 3
Hoast Teathers
Total yesidues bR 0y S 1S N NP 18 2) P e | a3  al
o NI OND - 03 - - - - - - - -
DPHL N OND - \D - - - “ - - - -
pp-DDT NI OOND - N - - - - - - - -
Lhrcast skin
Tutal resdcdues A B | I & T 1 Troanp nd NDO D5 O NDLh NP
Nt 1.5 a4 {1 0.1 - - - ND 0.5 a7 - N
nix NI hY D) L5 NIP - - - NI ND b4 - NI
P NDOKT LY ND - - - N.37 NU - N2
Vropn gial glaned
Lotal gesddues 143 40 128w T3l I.1 -« 3T 13 07 0y
DK 134 2.0 32 43 - 0.1 30 ~ 124 T (18] 0.3
nnn NiDOood 04 N§ - 8wz -~ i Nl 0l
' pptDDT 30 43 13 ND - ND I8 - 174 ND 27 0d
Meast muscle
Tutal residhies 01 08 02 ND T N T ND 07 0l ND T
(91314 - Od o T - T 02 T 04 -« 04 03
nobn - &1 01l ND - ND OND O ND 0l - 01 o0l
S N T b b - N T._ND =, ND_ND ND b2 - a7 04
Heart mscle ‘ ’
. Tota} residues o 08 L5 ND 02 00 N TOOLL o8 NDOood
(D] 104 o 02 o4 05 - - 02 02 08 03 04 0l
DHRL NDOOO1 g4 ND - -« ND 01 03 01 03 XND
- DOT 02 NP 02 XD - - Nb NSO KD N3, 02 NP
Clrennd mnsels . -
Totul reshdues 15 05 1.5 ND 02 NDO02 05 05 30 ND 03
DDE 62 01 ol 02 - - 01 01 T 0l T W
bpoo ND T ND Nb - - ND 01 P NB O.ND ND.
pp-DOT 01 - ND 1" ND - - NDh.ND T - ND XD T
- troventricolus _ . . ‘ ‘ g
Total restdues .~ £2 10 . 09 XD 02 ND ND - - ND a2 T
DDMU ND O O05 ND OND, = 2 °ND - - ND NI -
= DDE 08 02 02 03 - - 08 - R X i X -
LoD . ND ND o5, T - - ND - - Q01 XD -
» pp-DDT ND O OND 02 ND R ¥ 5 S Y I Y
2 Small intestine o . )
Tolal restdnes 8 0V 05 07 00 ND O3 1l - - 07 .03
- DHE 10 o1 a1 5 - - ol - 01 - ul T
pn ‘N T 01 XND. - - ND - T - ol ND
= np DT “ND OOND ND 01 - - XD - ND - 04 ND.
= « DIMU ant detected unless indicated, .
* Nut detected,
= * Trace 0.01-0.00 ppm.
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Table 8. [Cortinurd)

Intraduced Taays o .
13 w3 84 8

1’.‘3 '

Alter Appliention 1) 0 0 0 15 00 109
Days Evpened 1] 1 a6y 1M 45 J0 B0 v 82 13 8l
n (1imks) 1 | 9 ) 4 1 1 1. 2 1 2 &
Large intestine
Total 1esitdues L 05 NI 04 a) 05 o2 - - ~ ND 00
DO 14 01 01 0l - - iy - - - - -
nbn 01 T T T - - ND - - - - -
pptDDT NDOOND 0] 01 - - ND - - - - -
Iancteas
Totwl residues 39 12 a4 33 o0l 04 03 -~ 27 0 - 03 ND
DDE - 08 03 10 -~ = 02 - 89 - ‘pa_ 02
poR - Ot 63 ND - - N - BO - N ND
posLNT - NP0l ND - - 04 - 15 = 23 ND
Liver .
Total residues 45 38 8 - 13 - 78 343 17 25 ND 4D
PDDMY NDOONDBOND OND - - NDOND 02 " RND -ND 02
npnneg 1.1 o4 05 44 - - 03 086 13 0% 02 04
DLD 03 UVl 05 ND - - ND -“ND 06 0l 03 0s
00T NDOND ONDOND - - ND N T. N 13 T
Goll adder :
Tatal residues - 08 - NI 62 ND ND - - - ND
2 - -~ 0l 03 - . 0l = = o= -
pLD - = 01 ND - -« ND e« = e e e
#pDDT - 02 ND - - Nh - - - - -
.. lau“z PR . - -~ . PIVE e desr e e e e - e et ey s R i oo
. Total residues ND 12 02 ND T ND - - U2 ND -~ NDb
DDE - 1l 01 05 - = - - 06 U5 s X
DB .= ND ND ND - - - - 02 -ND - ND
. l'n""l)DT - ND ND ND - - - - 17 N\ - 0.2
¥ Iney .
Total residues 7 W07 00 07 ND - 05 23 05 NI O
: DDE .9 43 .02 10 - - 03 8d 1.2 1o 01 L5
. Db - 05 02 0} N - -~ NO 02 04 02 XD 02
. p-DDT Np \l) TNDOND - « ND NI, ND -ND ND ' 04
Draln ‘ - S
Tutal restidues 25 05 09 0H 02 05 15 .07 12 ND 01 .08
- DDMU . ND _ND ND ND - ND ND ND - . ND. ND. 14
“DRE- et 17020202 O - T .02 06-. . «..-10 ND 05.
DD, - 1.2 T 016 N - NI N o2 - NI ND 04
p-LDT S~ ND 02 .01 ND -~ N ND ND - 09 ND
Thyrotd gland. R i T TITUTL N e
v Tétal cesidues 08 03 23 ND . 02 - ND - 03 ND N N
* Spleen o . “_ - . g
) 'Total resldues ‘NB T 2. ND ~ NI ND.
i . Twe ECGC sdlnplcs- in(ruduccd 0, mllcctml 3u; DDL 02, Dl)l) 0. l. P IJDT N ,
n g Adn'nul gland R . .
L .. -Total restdues 78" 13w 0.7 85 0.1 04 .ND 133 l38 ME 07 14
- 7 o One ECGC mmple- {ntroduecd U, culle~ted 9; DDI‘ 6.3, DDD ND, pp-DDT ND .
,J‘;' . B . “...rf.’_ a x ‘
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ACCEMULATION AND LExtniros

Table 7. DD tesidues (means, 1 pmd in the by u
¢l T per oo, 1764, [Analpyiag totat residues,

155 ool.les,* ECCC, TIC)

et reoup duchs eipoted 1o o 4 at'e manh

ulr DT s Maann asp Scaer » PDindal 83

trented with 4.2 It

Introdoced Days

I

After Application 0 i} i 56 50 50 T

Days Espowd 153 HU/] 5 15 30 A0 17

n (Ducks) q A ' 5 g g 5

Wreast Teathors
Fotal esidues 1.8 (3 o2 1.3 05 1.0 LFi
Theee ECGE san-plesy fntsoduced 0, collected L % DDE LG, DL XD, ppt=DDT 08

Meast skin
Total testdoes g4 8.1 0.5 1.3 1.2 43 0.l
DOLE 113 1.9 - - - - -
DPDLL ND a0 - - - - -
mp-DT 5.4 ND - - - - -

Uwopyutal gland
Total reslilies HITRS 14 0.5 3.4 29 2h 20
DHBE 207 10.1 - 1) 1.8 (1X.] 160
DDD 1.1 1.3 - ol XD ND a9t
FIRI MM NN ND 2d - 0. ND ND ) 48

Breast musele : o
Totad resichiees 2.l 18| ND 0.0 0.4 05 02
DN 1.5 ([K] 0.1 o7 2 - 1.4
DR T 0.1 T RN ND - T
ppeDIT Nh 0.1 ND () ‘NB v 1.4 \

* Bleart el T e e e --—'f-:-— A

Total resldnes 3.0 21 "0l 1.0 03 1.0 0.
DB - 0.4 - 1.0 - - 1.9
nnn - i, - ND - - ‘1r
pp-pROT - ol - 1.l - - N

Ciizzand misele : i
Tolal resicdues 1o 00 O 1.3 0.2 0.0 02
DOE Wl g - 0.3. ND - 03
nnn ND - - T KD - I ¥
pDDT - ND - - 03 ND - 0.1

Proventriculus ‘ o s
ol reallluc'i 20 . 09 23 03 ) .. 0.3 (4 08
PRE - O - " 08 08 e 0T
DDYL - 0.1 - T ND - o T
ppDDT . el 0, - 03 ND RN

Small fntestine . L
Totul restdues - 08 0.0 - 1.1 02 02 - 02 o.r-
DDE - 0.1 - 04 0.1 - 03 -
poD. - - 0.2 ND - - T

- pt-DDT L - T - 03 ND - . - 01

: - * NDMU pot detreted unlen Ind]mled )
! » Nout dletected, -

* Trave 0.01-10,(10 ppum,
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’ Tobls 7. iCoantruad).
: tnttodural Dayy ' ©os .
R Aftee Application - 0 0 13 L] 3 0 8
Dyys Faposed 15 30 15 13 30 40 17
# {Ducls} 4 4 H 5 - bod i)
Lange inlustine
Iulul revidues 13 1.0 02 09 1.0 0.3 a5
Dl - .1 - 0.4 0.5 - 0n.g
f)DD - 1 ¥] - ND ND - ND
pp-DOT - 0.1 - hy ) ND - 0.3
Pancreas
Tutal jesidues 3.4 12 (1K) 0.0 0.3 0s 03
Dy 30 1.0 - 1.3 - 8y 29
DHH 14 0.3 - 0.1 - ND T
Coppt DT 0.3 03 - 20 - hY ) 14
Liver o .
Total 1esidues s 20 1o a7 0.9 2.9 07
DDAU 0.1 D ND hY ) 08 04 0.1
Nk 33 006 - B (X | ¥ r 0.3 0.4
202D 0.0 03 T 09 \ND ND r
m-DOT 1.0 0.1 hy) 0. ND ‘ND (}¥)
Call Yadder
Tolal pesldues 55 an - 1.3 0.} ND 02
DhE - 0.1 - D - - -
LD - ND - ND - - -
"-".‘*}I)T' - - \.l) . - A ‘\'l) ‘o e am . . -
Kidney _ . :
Totu] resldues 2.6 1o - ND L0 0.6 0.3 0.4
3 53 1.3 - 13 02 - o4
DD . (1X1] R - T ND' - ND
PasDDT ND 03 . - 0.4 ND - 1.5
Brain . ‘
Tolal resldues 9 09 . 01 0o 00 0.3~ 0.3
DAY s ND - aD ND ND 04
. DhRE . 3.2 0.5 - 1.1 .2 N ¥ .
- Db - 07 . 0.1 - T NO ND ND
- . DT 1.0 4.2 - 0.4 ND T ND w7
T rold gland e - [ . v I
Total restdues 6.3 - 0.5 ND 02 tad . NI 04
. ) . 'al\tlu'nnl n!l{istl - ) - e o - '..'l
g . ‘Total residues . 183 . (143 - 08 2.5 04 _.\'l) a0 -
s Spleen ' g T }t
¥ Total residues Lo, N - 0. ND-. IR N R
- Three ECGC smnp!cc- !nt:mluccd 0 to"ccled 30, DDE 0.-!. DDD 0.2, » PDT 1.8 . - -
\ -:' Lung - ) , g L o . l
Total residues L S - 0.1 (111
’I‘htcc ECCC sanples; lnlrodumd 78' mllccled 0-!' DD 0, l. ‘DDD ND, jp -DD r \D o
.. C - w . _|'l R
............ el O E A
; - T b LT T
L L ST S Ji SRR
N . H L / e u— vy ;-—-vu'l;}_r‘-’-:wvrﬂ-i-:z-;wm 'v'-W.-cn-v—wq--v:m-- r,—_mnrd‘!pv——‘:;—r
g o R
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tobfe 8. DDY sesidves (means ppm) in the tinwin ol mol'ard ducht eepuimn 1o 0 4 otre monh breated o th €2 1b ol
DOt pet ocre. 1985, {And'psina fotal residues, 135 Matabelites,® LCGC, 1:C) .

Intiodneed Days

0

After Application a0 au w 360 560 413 12
Days Eaposed 13 30 +3 1 13 . 1y 12 o ’
n (Duciy) ) 4 u l o 1 3 7
Breast feathers no o
Total residues 0.0 1.5 a1 ND \D ND ND . ND
Preast shin . . IR
Total resido s N ND 1R} ND ND ND \ND NI -
Uropyatad slaad . S
Tutal rilues (13 1] 08 12 0.2 (7] N 0s
DI, b Ak 0.3 - 0.1 Ul 0.) 0o
131M B W) ND hY)) - "N D N XD
ppsNL ND ND ND - ND \l) ND ND
Baeast posele : BT
Tutal residucs 0.1 vl 0t 0.1 I+ 0.1 0.1 . T
DK - - 1T - T - ND T F
npon - - \D - ND ND i) .NDh -
Pt DT - - ND - ND ND NpooND L
Heart mnscle . _—
Tolnl residues ND ND ne ND ol a1 NI -0l S
Gizzntd muscle : . R
Total restidues T ND ND ND ND - - ND ND ul
Proventtdenlus ’ ’ S
Vatal tesiducs 00 ND T N 0.9 05 ND 0.1
Sl intestine .
Tutal reshlues ND ND 03 ND 0.0 ND og 0g
Large {nlesting ’
Total teslilues 0.4 ND T. ND 04, ua NDOO 08
e I A LI E TR pOTN RS
I Total reskducs \D \D 02 ND 0.1 . ND \D T .
Jdver : e ‘1
Fotul tasiches ND 0.4 0.2, .ND T | 0.4 {1 I | X I
DHDMU ND ND ND- - NIy 0.7 ','NI) N
DDE 1.0 03 0.3 - . ND 08 : 'l'- TOOND
1B T OND . ND - ND 0.0 NP '
Do NP . . ND 09 - ND - ND Nl) ND o
Calt blad ter . - . . S
Tatnd 1. ilues ND T - 03 ND ND - D <N ND O
Ly o - o L
Totul tesidues B 1 3 \ND .1 ND 0 - ND \D .ND -y
Spicen - BN ' : : s : T
“latal 1e=ilues ND ND \D ND 0.5 0.5 N - Tou
Kidney r :
Total restdues - -7 01 - 0Ol (I.'.! ND Ul ND -0 0T
Yrain S T TS
Totd resddues 0.1 0.1 0 i ND 0.l. 0.2 00 - 0.l
TPbhE - 0 T 021 "ND - ‘ND - °ND - XD 0l
Db o ND hy}) MDD - LND 7 iND - ND. . ND
mi-DDT ) 02 ND ND - YND ND ‘0L, ND- |
Adrenal ghnd . Lo ' : u?. ‘ . 5
“Tatal residues IR 1 - R ) 03 -ND N SND 02 0
Thyrold gland I ~ ) . " o
: Total residues "ND . ND T ND. 02 .- ND e 02
P » DDMU not delect. L unless Luatlcated. - s ‘
& Nt detecled. o~ N -
* Teace 0.01-0.00 ppm. . ) 7
. - A - 3
i »
JP e e et e e P - e s
- T i SR
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Tob'e 9. DIV spsidver {means, ppml '= the ® Lus ot lenar scgup duchy eopaned %0 o doce marsh Negled with 0.2 1

al DDY per oure, 1985, [Aralpris, 1otal twsidiey, U3S; Aetobolles.® [CGC, TG

uttoduced Days

Ater Applization 3w 300 N 300 - 360 ) 413
Days Byposd 13 ].) 30 114 A u3 T
n (Dushs) 3] 3 3 | 4 4 1
lireast foatlers , .
Total peshitues 02 08 DY ND ND ay - ND
Breast <hin
‘Total wsidues \ND D T™ AY ) 0} (18} hY))
Uropyelat pland
“Totud pesidues 10 LY 3y B3 03 . 0T ND
DDA D ND 9 - ND ND \D
nory 15.0 Iy 144 - uy (.2 0.
FIvIN) ND ND ND - ND ND © . NR
neRUT ND ND rR)] - ND ND ND
Breast toasele ’
Tom! yeslducs 03 0.1 0.3 i 3 ND U
DO ) 03 0.3 T - T T 740
[h1)))) ND ND ND - aD D ND
ppDT \ND AD ND - \p \ND O XD
et mascle
‘Tota) residues 02 \D 0o D 02 T N
Chrzatd wusle )
Total roesiduies 0.1 D 0.3 \ND \D € ND
Proventeiculus
Total residues ND hy) ND ND ND 0l ND
Sl ftestine
‘Telal yosidues T N ND XD Ay ND ND
Larue intestine : : ]
- lotal u‘.\frlllt'! 03 CND e e ND - “l - s N e ND L
PPancreas
Total yesidues 0.1 ND ~ND XD ND \ND ND
|.f\'t‘l‘ . ..
Tota) resldues 0.0 1.4 D ND -l ND ND
nposy XD XD ND - 5 NI} -
Dme .10 [+X1} 04 - T . -
[ 125710 N\ND hY)) NDY - ND ‘ND -
DT ND ND ND - ND \D -
Gall bladder - . ' . .
: Tetal reslducs ND ND 0.2 ND - ND b ND
g ) . e L ) _
Tutal revidues ND - ND ND T ND 02 Ul .ND
Srieen R . <o = .
<2 Tenl residues ND ND ND XD ND ND ND
- _¢Kidney® s PR S e L o
v " 'l'in!ul resldues 0.1 0.1 -0l ND ND 04 OND .
, rain - . o - - o o ’
TS T Tolal pestdues” 201 0 02 - oo - 02 08 SRR | S 02 - 08
e SDDE .- 10 08 .00 - T T 9,8~
’ peD - - CND. .. ND « ND - " ND . ND ND
my-pnT 2. KD ND. (411} - ND " ND . NO
“Ihytold gland T . . PR ) R
. Total residues ND | -ND - ND NIV ‘ND ND - ND -
oMleenad gland 00 e C - . c ‘
’ ,-U'J.. Total resfdues 08 0.5 040 ND ‘02 NDY ND
4‘) * DDOMU not detected unless lndieated,
G R Rl deted e ‘ £
| * Teave 0.01-0.00 pymn, - R v
PO, ) — __-_,.,,,,,,,,::' : s i . — .
T " S - ooy e
e ;
'.‘ L ‘. . i -f_l‘ 14



A7mUMULALION AND BachinioN o

The spne metabolites and isomers found
in backagruund ducks were Tonnd i exper.
mentad  mmimals, namely PHDMU, DD,
DD, und pp DT, No o,p-DIYT was
ford In tissues, The metabolite DL was
generally predominant whenever DT wesi.
dues were founsl. Ao, DDMU when pres.

©oont, cwas found sost often in liver and

" type (plant or adnal) wnd quantity of Fooxd -

brain, bt ocemred onee in the tssues of
mallard, proventriculus and onee in fesser

seanp uropy glal glawls. -

 DISCUSSION
o Ingesllon

" Rateof ahsurplluu or nsichws amd n'shluu
mmlmn In tissues appears related ‘o the

Angested,  In both duck species, plant ina.

~terlals are ivolved In o Ionger storage und
grinding process in the glzzard, while ani-

il pntter §s moved eapidly from the gl
zord into the small futestine,  Whers there

18 n high popostion of plant matetials in

the duck’s dict, a sporudic pattern of 1wasi- -

mum aceumulation and excretion of DDT
residdues is observed. Since plant parls are

Cdetained for relatively longer - perdods in

the giezard, DDT residues associated w ith

O plant materials are released into the cavity
“of the tluotlcnum frregularly and thus, ab.
- sorpl[nn is more sporadic, This patlern was

DT ax Manianh axg Seavp » Dindal 87

witer and c.mri‘i
« maeth deated wby 0.2

Toble 10, DOT residumt (meo-
of wild ducky qeposed 10 2 -
Ib ol DOT par otre, 178419

- common {n mallards.- During 1965, when

P T I
P RSN

the dominant past of the scaup’s diet was -
. pondwt.cd (Potamogeton spp.) and smart-
-, weed {Polggonium spp,)’ seeds, residue ne-
“Gunulations in body tissues were sporadic,

- In 1963, when soalls made up the greatest

part of the scaup's dict, DDT residues ace
cmnu)nlul in liasucx In a moiform pattern,
It appears that the site of absorption’ is
reachied stvre rapidly by animal mattey and,

" within a given duck, the DDT residues ac-

cumulate to thefr maxfum luds in all
lissues unii'nrmly.

IsrsotATED Toreat
Ay Arign ans tl}vcu} llnu.u [A]
Tissre Arrsicatiay Burewtn n [Ls%)
“Mallant :
‘Testes 0 Ri} 1. 49
0 15 1 29
13 45 i N
a0 130 1 1.5
o - 15 1 ND -
1M al <4 \ND
J00 \5 r LN
KLY J0 i D
- 00 13 -3 04
an. 13 H w2
413 - 3 04
Ovary o - .13 3 1.3
0 © 30 2 \D
15 . 4 0.2
(1] 92 a2 ay
t.) 83 1. ND.
HI 25 1 NI
109 i3 | 1 1.
00 a0 4] XD
S00 43 4 0.2
any 38| 1 N\ND
aen 15 a (1 3]
aov (] [} \ND
413 12 3 ND
e 1330 NI
Lesser Scaup
Testes  Evposed 0-33 days
Doth years n = 31 XD
Ovary  Lsposwed 15days 1901l n=3 80
Eaposed T-111 days
Hoth years n = 10 M )
* Not detected.
Excruilon

The manunalian ;,all blnddcr has an im. -
portant  excretory * function in’ returning -

metabolites to the intestinnl tract (Hayes

19653). My duln’ suggest such a process fn . . . L

~wild ducks, -The domiiant metabolites of
- the mallard gall bladder and contents of
. the lurge intestine are DDE, DDD, and
Pp-DDT, while only DDE is present in
. the same organs in lesser scaup, Metabo-
lites of the gall bladder ‘cnply into the
intestine vin lhc right and left bile ducts

Y
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 Hutes this idea, v

S8 Joumal of Watedlife Management, Vol. 34, No. I, oy 1070
Table 11, DOT casidues [ppm) in odipose Baver of wild duchs espored fo o (-0cid w2arh treoted »th 0.2 [b ol DDY per
acre.
e seas {meann )
X 'l;‘lnr‘n‘a.'un 1Jars {(Dreas) (LAY
Tk it/ Exvonrn n Tola DOE  DOD b
Mallurd
Subvutaneons 0 15 4 81
(Leg) o 0 2 28 12l T IT
300 13 1 07
') 15 2 N 38 i ND
Sulwntancous 0 15 A i)
£ Mycast)
Heant 0 13 4 5.1
Moesentetic { 15 4 4.8
0 W 4 30 2.4 15 00
15 HY| 4 11 .
Rii0] A5 4 ND -
. 304 15 2 \D . .
Postventral hody 0 30 a i2a B bab a5
13 I 1 WD
Neck " an a 4.8
Glezard A 13 2 0.5
i) 15 2 ND
Lesser Soewp
Sulkcutzneous i 15 4 67.2 .
(Ley) u 0 4 a3 13.3 1.0 0]
. Haan 0 15 4 23
C Mosenteric - . -0 . . 830 USRI SN J U S .
Pastwentral Lady " 10 i 1.t
S DDMU pod detectec

* Not detected.

ot the glistal end of the duodenal loop. As-
suming that the maximum absorption of
ractabolites oceurs (along with the lipids)
at the proximal end of the duodenum, this
dischinrge of metabolites from the gall blad.

< der accounts for the residue present in the

contents of the.farge intestine. The isomer
mp-DDT was not recovered -in contents

_ of the large intestine of scaup nor was it

found in the ;,all bladder, \\’llich subslnn-

The mean com.cnlruliuns o[ rcsiducs ln
aliméntary contents were given as 1.1 ppin’

adsorhed on non.digestible cellslose fibers
or wax moleenles. This suggests that some
residues may pass through the . gastro.
intestinal tract without being absorbed by
the intestine, Cellulose meleeules nay pro-
vide sites of adhesion of pesticide residues
recyeled into the intestine through the bile. -
Also, cholesterol absorption may be inhlb-

ited as it was in the chicken (Peterson 1951)
‘by the presence of phytostero! present only

effect 'is- obvious, Delayed nhsorplior. or
ton- nhsorplion (beeause: of cellulose “ab.
sorption ; or phytosterol’ inhlb!tiun) may
help account for frregular  concentration

- in vegetative matter,” If DDT restdues have
-any specifie’ affinity for - cholestero,  the

wrends - ‘between tissues and lower residue.

s -

i

. - for both contents of simall and large intes-
© . tine of mallards (Table 2). Similar residue
Y " concentrations in small ‘and large intesting
conteuts may be the result of DDT residues
X ‘: E':‘:‘ " :a‘ . . “-‘ : ot . °
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acenmulations in tissies of tllards com-
pared to seanp.

Matabolites Identified

DT residucs, predominantly DD, were
foumd at some lime during the project in
cich expmedd tissue, excepl the testes of
lesser seamp.

Peterson and Robison (1964) reported
the fntermediate metabolite, DDMU, from
Cliver of ratse Lesser seaup and mallard
livers also crntabned this compound i 10
different samples durfng the 2 vears, In
1961, from (.08 1o 0.83 ppmi were recovered
hun seaup livers, while 0.17 to 0.20 ppin

Cwern present {n liver tissue of mallards,

Thie following year, the rnge in seaup liver

was 0,45 to 0.31 ppm and in mallards, 073

10 058 ppm. The DDMU range in lesser

scanp voricd more compared to the sange

in mallards, Brain tssue samples contained
DDMU only twice during 1961, Mallard
- Dratus had 138 ppm and seanps, 040 ppm,
- One smnph. of scaup’ utopyglal glands in

1905 registered 790 ppim mul a ‘mallard™”
proventrienlus once had U(b ppm l)l)\IU_

in l.‘.ll‘l\' 1961
Shns of Me!aholism

l’crlmps. much of the l)')D [umul nss0~
“ehnted with marsh plants. in . the gastro.

intestinal teacts ‘of the lving ducks had

. been produced from DDT by  great va- .-
riety of aquatic awd intestinal microorga. -
~nisms, Data _ gathered by. Barker et al’

- (1965),"K

The mictabolite DDE in gizzard contents

'l)rulmhl} originated  from | previous metue

bolle processes of - the nnimals. ing,t.su.d
* from plant cells, or from mlcroorbunlsms

) ‘. within the gizzard cavity.
It is difficult to specify ddiniie siles ui
- metabolism within duck l‘_issuus..';\h‘l_nho-’

wd

[V
[y

Kallman und . Andrews (1983),
* Miskus et al. (1965), and Mendel and Wal.
~ton" ( 1066), subatantinte this statement. - -~

lites may De formed within u given thsue
andd translerred 1o another, or they may be
products of eaternalnetabolism (including
gastrofntestinnd) by microarganisms.

Storage

I observing any thssue residues for a
given exposure pened, maximism  peaks
were reached and fohowed by a decrease
in concentration,  This swme pattern oce
curreil even during overlopplug exposure
perivds whether coucentrations were higher
or lower than readings from ducks that were
still preseat dn the massh from-a Yrevious
intraduction, The masimmun pesticide resd
dues recorded during the study for mathad
imscle tssues wenes heat l..u ppin, breast
1.57 ppm, and gizzard 130 ppm (Table 7).
Stmilar nxnima give an indicmtion of sters
age equilibrium:of mncle tissue for this
particular. DT exposure. llayes (1905)
presents experimental results fram minnmal
s'‘udivs which show that such a steeage

equilibdum is seachied followed by exere.

tion of the pesticide,”
‘Lesser scaup - Hsewes accwnulate larger
DLT residue coneentrations than do mal-
land tissues during the same length exposwre
perlods indepeadeny of the year (Fig, 1),
However, this accumulation s short-lived -
since a more rapid tumover of residues '-;
odeurs in seaup than in mallards, '

" Bredst Feathers—The metabolites DDE, L

DD, and p,p-PDT found in or on breast

" feathers of ,l;mllnrds can be explained in -
two possible ways. First, the DDT residues ~ 77

mny be the metabolie products of some

aqquatic microorganism preseat in the marsh.- R

Sinee DDE in mallurd feathers was “high

-:durir.j; perdods when duckwccd (Lemna
- si) was abundant, £ assume: DDE was’ -
~associnted by absorption 1o duckweed ad

was transferred  physically as ‘duchs’ ful
among this floating plant., The scmtercd

loeation of duck\\'ucd and the mcam of

S
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fig 1. Relative costentrotion of DOT teudue (meaa, ppm) in tinuer* of ducks erposed to o 4 octe moth treated with

0.2 b BOT per octels Jpecies compatiion,

* Tisue Legend

A ndiengt glonds H  heent fal H
B beain FL lea fat X
8F  breoyt feathen FM muenetic fat © 07 T
B breoit muttle PP ot ventia) bedy lfot ic
85 bieast shin G girrard muscle S |
D duodenum G goll bladder iy
B breow fot GC grarad contanly ov

heart myicte P pancreas

tidnay PR proventricyluy

fobg T T g et
tontenty of lorge intestina SC contents of imall intettine
large inlesting - T thyrsid

liver . TE tes'es

arary : U utopygial glond

.. HD  not delected

tramsferring residues could account for sev-
erad negative assays durng the abundanee
of duckweed. The second possibility is that
~the DT residues originated from the uro.
pygial gland through preening, Tuvre is
some contradictory evidence regmding the
-role of this gland In preening (Rawles
1960, Elder 1954):~ Maximum residue con-
S centrations In’ feathers correspond to relu.

tively high levels in uropygial glands, This
coukd be a wnade of excredon for fat.related -

", pusticides, Perhaps residue concentrations

" ing the” pesticide-lipid  material over the

0k feathers, -, < gy
3.1 Brease Skin—High residue: levels

TR
IR

in fat

Lo i = T B
...-..........a....;.....l.;.....-..-. (U

tain lipids

storage thssues correspond to high concens -
trations in breast skin. Rawles (1960) de.
seribes the presence of fat aceunmulations
and their nssocations with a subeutuncous
network of acesmulation”in the dennis or
coriom of birds. “therefore, breast 'skin
levels are high'dud to this microscopic ac.

“cumulation: of “adipose cells In close. ussos -

ciation with the ducks’ skin, S
Uropygial Gland and Adipose Tissue.—
In both ecaup and mallards, the residue

- concentrations of  linlds from urepyginl
"~ of the'gland could be dissipated by spread. -

glunds ‘are tdentical with residue levels of

the post-ventral body fat. A sample col- .

leetion ‘method could be developed to ob-
from the uropygial glands  of

.n-an-uu-du
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living bitds so that conelations may be
made of postaventrl fut as well ns other
tivwnes, | way unsuccessful in iy attempts
to culleet the liphd seeretion with n capil.
lary tubpe Fron living birds,

Iumu:dl.m-l_\ alter expasure to DDT, the

restdues i diflorent anatomical sites of

i deposition may vary by a factor of 30
(‘Table 11} Flis shoull enuse some con-
» cem for those who indiseriminateiy seledt
o “lmt" for pesticide analysis.
T lw highest cut,centn ition recovered from
Sy Nissue was (7,2
e fal within the finst 304day esposure
periud, In addition, subentaneous leyg fut
- uadd neek fat dn Lolh species swere lwo to
~w lour tmes greater. Unn” coneentrathons in
*the uest highest argan, the wopyghal gland,
“Other sites of fat deposition Tiad restdues
cither egqiel to or Jesy than the urapygial
Cglend fevels, Fat samples taken after this
piedod 6!} contatned concentrations lower

.- than other tssues, Seasonal vadation, foud .

wvailability;=wid — physialogical uetivity --
©o(Rawles 1960) made Tat samples uot al.
S0 ways aceessible, and therefore, o totad ple-
“ture of the dynamics of DDT tesicdues

[ ——

reluted to ft ciupmlls can not be wade.

A more complete sampling of Hpid o

terinl was possibie by usfug the urup\'bfnl

lenl heeause flactuations due 1o enviren-

ment el physiology were not as apparent.
With the exception of leg and neek fat, as
e seen nbove, residues of DDT in urapygial
cansistently higher then all other Ussues,
- - Residues fn nropygial glands, fut depots,
and adrenal glands follow similar dynamic
trends related to exposure periods.

- Brain~Yerard (1963} suggested that

as ot depots are ulilized, DT residues

ate reeyeled within the bird's system and -

accumulate i more sensitive areas, such as
the brain. During November and Decem.

~ - ler, 1081, when food was low and the win- -

£

ppn o subieutaneous:

glands of both spreies were generally and .

) _l\"n'd by ECGC

T S e s v ARyt sy e g
[
‘1 P

T // i

L e e

ter stresy Yoy high, o definite restdue ine
cremne ocevred in the brain, In May of

the second yrar, food wisy very searee, as-

indicated by welght loss of the tiucha, A
delinite residiie fngrease oceursed i boor,
Dirain, wud w:opy gial pland-.,

Adrenal Gland.~The wdreaal glands ex-
hiliited some very bigh esidue concentra-
tions, Mctubelites mest have an atfinity for
adreno-cortiod steroids of the interrenal
{cortical) tisvre, Bernard’s {1963) supges.
ey of metablite reeyeling and reaccumu.
lation in sensivive areas may be Blustisted
in ealard adrenals. AN of the highest
resitue coneentsations were registeree dur.
jng the December, 1941, winler  Stress
pvtind -

Thyrold ~1nis glane. nev contiined
very low amounts of e, . The masd
mun Jevels ocenrred only doring the initial

“30-day eaprsure period of 1061, The tnal.
hird retatoed @ waximum of 002 ppm I

1963, Lut the scaup bad no detectable rosi-

chees present. Na-definite lipid conventra..

tions exist in this glawd where residues
coukl readily accamulate, :
Tester —=Nuv  deteetable - DT aisidue

uounils were measured i e lesser séanp
for the 2 years of the study (Table 10).

Ouly one mallacd testis was analyz.d by
ECGC. PDE (Ob ppm) was thc unl\' ni-
tabolite found, -

Ovary—~1he m.l.\hnum residoe l.':w:ls fur
mallards were alinost identieal 1o . those

- concenteations fn mallard testes (Table 10).. -

Five sunples of mallurd ovary wero ama.
C. The following metaboliles
were. found: DDMU, ND, DDE 0.7 ppn,
l)DI) 0.1 ppwn, pp-DDT 02 ppm. )
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